We consider contributions of non-standard tbW effective operators to the decay of an unpolarized top quark into a bottom quark and a W gauge boson at next-to-leading order in QCD. We find that OLR ≡bLσµν tRW µν contribution to the transverse-plus W helicity fraction (F+) is significantly enhanced compared to the leading order result at non-vanishing bottom quark mass. Nonetheless, presently the most sensitive observable to direct OLR contributions is the longitudinal W helicity fraction FL. In particular, the most recent CDF measurement of FL already provides the most stringent upper bound on OLR contributions, even when compared with indirect bounds from the rare decay B → Xsγ.
I. INTRODUCTION
There has been a continuing interest in the measurement of helicity fractions of the W boson from top quark decays by the CDF and D0 collaborations at the Tevatron. Presently, the most precise values are provided by the CDF collaboration [1] F L ≡ Γ L /Γ = 0.88 ± 0.11(stat.) ± 0.06(sys.) , (1a) F + ≡ Γ + /Γ = −0.15 ± 0.07(stat.) ± 0.06(sys.) ,
where Γ L and Γ + denote the rates into the longitudinal and transverse-plus polarization state of the W boson, while Γ is the total rate. Note that the central CDF value of F + lies outside of the physical region. In the near future, the large tt production cross section at the LHC is expected to provide an opportunity to study tbW interactions at the percent level accuracy [2] . It is therefore important to carefully evaluate and understand the implications of such measurements within the Standard Model (SM) and beyond.
In the SM, simple helicity considerations show that F + vanishes at the Born term level in the m b = 0 limit. A non-vanishing transverse-plus rate could arise from i) m b = 0 effects, ii) O(α s ) radiative corrections due to gluon emission 1 , or from iii) non-SM tbW interactions. The O(α s ) and the m b = 0 corrections to the transverseplus rate have been shown to occur only at the per-mille level in the SM [4] . Specifically, one obtains (2b) * Electronic address:jure.drobnak@ijs.si † Electronic address:svjetlana.fajfer@ijs.si ‡ Electronic address:jernej.kamenik@ijs.si 1 Electroweak corrections also contribute, but turn out to be much smaller [3] .
One could therefore conclude that measured values of F + exceeding 0.2% level, would signal the presence of new physics (NP) beyond the SM. When studying non-standard tbW interactions, constraints from flavor changing neutral current processes involving virtual top quarks within loops play a crucial role. In particular, the inclusive decay B → X s γ provides stringent bounds on the structure of tbW vertices [5] . One needs to take these constraints into account when evaluating the sensitivity of top decay rate measurements to potential NP contributions.
In the present paper, we study contributions of the non-SM tbW interactions to the W gauge boson helicity fractions in unpolarized top quark decays at nextto-leading order in QCD. We study the impact of QCD radiative corrections on NP constraints as extracted from top quark decay rate measurements and compare those with indirect bounds from inclusive radiative B meson decays.
II. FRAMEWORK
Following [6] we work with a general effective Lagrangian for the tbW interaction, which appears in the presence of new physics (NP) heavy degrees of freedom, integrated out at a scale above the top quark mass (see also [7] ). It can be written as
with the operators defined as Finally, Λ is the effective scale of NP. We adopt a more convenient parameterization
, resulting in the Feynman rule for the effective tbW vertex as shown in Figure 1 . We write the complete decay width for t → bW as a sum of decay widths distinguished by different helicities of the W boson
where i = L, +, − stands for longitudinal, transverse-plus and transverse-minus. The Γ i decay rates have already been studied to quite some extent in the existing literature. The tree-level analysis of the effective interactions in (3) has been conducted in Ref. [8] . QCD corrections, however, have been studied only for the chirality conserving operators. Results for a general parametrization can be found in Ref. [9] , while SM analysis is given in [10, 11] , where O(α s ) results including m b = 0 effects and O(α 2 s ), m b = 0 corrections have been computed. The hard gluon emission corrections are especially important for the observable F + since they allow to lift the helicity suppression present at the leading order (LO) in the SM. Helicity suppression in this observable is also exhibited in the presence of the NP operator O LR , which is especially interesting since it is least constrained by indirect bounds coming from the B → X s γ decay rate [5] and thus has the potential to modify the t → bW decay properties in an observable way.
III. RESULTS
We compute the O(α s ) corrections to the polarized rates Γ i in the m b = 0 limit including both operators given in eq. (4) (and their chirality flipped counterparts). The appropriate Feynman diagrams are presented in Figure 2. We regulate UV and IR divergences by working in d = 4 + dimensions. The renormalization procedure closely resembles the one described in [14] . To avoid conceivable problems regarding γ 5 in d-dimensions, we use the prescription of Ref. [12] . To project out the desired helicities of the W boson we use the technique of covariant projectors as described by Fischer et al. in Ref. [4] . Diagrams for next-to-leading order QCD contributions. Cross marks the additional points from which the gluon can be emitted.
A. The decay rates
In the m b = 0 limit there is no mixing between chirality flipped operators and the decay rates can be written as
Analytical formulae for Γ i a,b,ab functions are given in the appendix. We have crosschecked Γ i a with the corresponding expressions given in [4] and found agreement between the results. The LO (O(α 0 s )) contributions to decay rates Table I : Tree-level decay widths for different W helicities and the their sum, which gives the unpolarized width. All results are in the m b = 0 limit and we have defined x = mW /mt.
a,b,ab are obtained with a tree-level calculation and are given in Table I . Our results coincide with those given in [8] , if the mass m b is set to zero. The change of Γ going form LO to next-to-leading order (NLO) in α s is presented in Table II 
B. Effects on F+
We have analyzed the effects on F + when going from LO to NLO in QCD. Assuming the NP coupling parameters to be real, we consider contributions of a single NP operator at a time. Present 95% C.L. constrains on δa L , a R , b LR , b RL come from the weak radiative B meson decays (b → sγ) analyzed in Ref. [5] . Translated to our definition of parameters these bounds read operators on F + in Table III . Nonstandard value of a L does not effect the different W helicity branching fractions which are the same as in the SM. The dependence of F + on non-zero values of a R and b RL in the b → sγ allowed region is mild, reaching a maximum at the lowest allowed values of a R and b RL . We observe that for these NP contributions, b → sγ already constrains the value of F + to be within 2% of the SM prediction.
C. Effects on FL
Analyzing a single real NP operator contribution at the time, leading QCD corrections decrease F L by approximately 1% in all cases. Possible effects of a R and b RL are again severely constrained by b → sγ. On the other hand, we find that the most recent CDF measurement of F L in eq. (1a) already allows to put competitive bounds on b LR compared to the indirect constraints given in eq. (8) . We plot the dependence of F L on b LR in Figure 4 . A new 95% C.L. upper bound is found to be . Red band shows the allowed interval for bLR as given in Ref. [5] . We also present the CDF values given in eq. (1a).
IV. CONCLUSIONS
We have analyzed the decay of an unpolarized top quark to a bottom quark and a polarized W boson as mediated by the most general effective tbW vertex at O(α s ). We have shown, that within this approach the helicity fraction F + can reach maximum values of the order of 2 per-mille in the presence of a non-SM effective operator O LR . Leading QCD effects increase the contributions of O LR substantially owing to the helicity suppression of the LO result, while other considered NP effective operator contributions are much less affected. Indirect constraints coming from the B → X s γ decay rate already severely restrict the contributions of these NP operators. In particular, considering only real contributions of a single NP operator at a time, all considered operators except O LR are constrained to yield F + within 2% of the SM prediction. Even in the presence of the much less constrained O LR contributions, a potential determination of F + significantly deviating from the SM prediction, at the projected sensitivity of the LHC experiments [2] , could not be explained within such framework. Based on the existing SM calculations of higher order QCD and electroweak corrections [3, 11] , we do not expect such corrections to significantly affect our conclusions.
Finally, we have set a new 95% C.L. upper bound on the b LR contributions given in eq. (9), lowering the previous indirect bound coming from B → X s γ decay by 44%. With increased precision of the F L measurements at the Tevatron and the LHC this bound (as well as the lower bound on the same coupling) is expected to be further significantly improved in the near future.
Appendix A: Analytical Formulae
In this appendix we present analytical formulae for all nine Γ L,+,− a,b,ab appearing in eq. (7) to O(α s ) order and in the m b = 0 limit. Here µ is the arbitrary scale, remnant of operator renormalization, x = m W /m t and C F = 4/3. For the computation of F i , we have also used the Γ a,b,ab , summed over the three W helicity states. We omit these expressions here, as they coincide with the analoge formulae given in [13, 14] obtained in the context of t → cZ decays.
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